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ける食物繊維の摂取量は約 15 g/日/人に減少11） し，WHO





















　Table 1 に示す割合で約 5 cm 角に切断した豚赤肉に食
塩，砂糖，硝酸K, 亜硝酸 Na, アスコルビン酸Na および
トリポリリン酸Naを添加し，ミートミキサー（竹内食品

















































容プラスチック製遠沈管を用い，解凍オカラ 6 g に水 20 g













TPA（Texture Proﬁ le Analysis）測定を行った。すなわち，
円盤形プランジャーでソーセージを 2回圧縮し，かたさ，
弾力性，凝集性および咀嚼性を測定した。測定条件は，プ
ランジャー直径 75 mm, 縮率 50％，圧縮速度 50 mm/min
とした。
Table 2  Formulations for sausages with and without okara




















オカラが 6.72 のほぼ中性を示したのに対し，赤肉は 5.68 と
若干酸性寄りであった。オカラと赤肉の色調はそれぞれ，





































Table 4  Proximate composition of sausages formulated with okara










　ソーセージの pHおよび色調をTable 5 に示した。非冷
凍ソーセージの pHはオカラ無添加が 6.36 であったが，オ
カラ添加量の増加にともない pHは上昇する傾向を示し，








































Table 5  Inﬂ uence of freezing on the pH and color of sausages formulated with okara
Fig. 1  Inﬂ uence of freezing on the yield of sausages 
formulated with okara
□Fresh　 Frozen/Thawed
All values are expressed as mean±standard 
deviation (n=6).



























Fig. 3  Inﬂ uence of freezing on the springness of sausages 
formulated with okara
□Fresh　 Frozen/Thawed
All values are expressed as mean±standard de- 
viation (n=6).
Values with diﬀ erent letters are signiﬁ cantly dif- 
ferent (p<0.05).
Fig. 2  Inﬂ uence of freezing on the hardness of sausages 
formulated with okara
□Fresh　 Frozen/Thawed
All values are expressed as mean±standard de- 
viation (n=6).
Values with diﬀ erent letters are signiﬁ cantly dif- 
ferent (p<0.05).
Fig. 4  Inﬂ uence of freezing on the cohesiveness of sausages 
formulated with okara
□Fresh　 Frozen/Thawed
All values are expressed as mean±standard de- 
viation (n=6).
Values with diﬀ erent letters are signiﬁ cantly dif- 
ferent (p<0.05).
Fig. 5  Inﬂ uence of freezing on the chewiness of sausages 
formulated with okara
□Fresh　 Frozen/Thawed
All values are expressed as mean±standard de- 
viation (n=6).










































































1）　O’TOOLE D K (1999) Characteristics and use of okara, the 
soybean residue from soy milk production. J. Agric. Food 
Chem. 47 : 363-371.
2）　MATSUMOTO K, WATANABE Y and YOKOYAMA S (2007) Okara, 
soybean residue, prevents obesity in a diet-induced murine 
obesitymodel. Biosci. Biotechnol. Biochem. 71 : 720-727.
3）　ANTONIO J E S, MARIA D T, IRENE E M and PILAR R (2008) 
Health-promoting eﬀ ects of a dietary ﬁ ber concentrate from 
the soybean byproduct okara in rats. J. Agric. Food Chem. 
56 : 7495-7501. 
4）　AHMED L A, HASSAN D R and HEMEDA H M (2010) Anti-Hyper- 
glycemic Eﬀ ects of Okara, Corn Hull and Their Combina- 
tion in Alloxan Induced Diabetic Rats. World Applied Sci. 
J. 9 : 1139-1147.
5）　KHARE S K, JHA K and GANDHI A P (1993) Physico-chemical 
and functional properties of okara protein isolate. J. 
Dairying Foods Home Sci. 12 : 132-136.
6）　RINALDI V E A, NG P K W and BENNINK M R (2000) Eﬀ ects of 
extrusion on dietary fiber and isoflavone contents of 
wheat extrudates enriched with wet okara. Cereal Chem. 
77 : 237-240.
7）　XIE M, HUFF H, HSIEH F and MUSTAPHA A (2008) Puﬃ  ng of 
okara/rice blends using a rice cake machine. J. Food Sci. 
73 : E341-E348. 
8）　VAN DER RIET W B, WIGHT A W, CILLIERS J J L and DATEL J M 
(1989) Food chemical investigation of tofu and its byproduct 
okara. Food Chem. 34 : 193-202.
9）　OHNO A, ANO T and SHODA M (1993) Production of the an- 
tifungal peptide antibiotic, iturin by Bacillus subtilis NB22 
in solid state fermentation. J. Ferment. Bioeng. 75 : 23-27.
10）　Ministry of Agriculture, Forestry and Fisheries Japan 
(2010) FY2009 Annual Report on Food, Agriculture and 




12）　Worid Health Organization (2003) Diet, nutrition and the 
prevention of chronic diseases. In Report of a joint WHO/
FAO Expert consultation. WHO technical Report Series. 
pp. 916.
13）　TADA K, TERASHIMA T, NAKAMURA Y and SUZUKI T (2012) Qual- 
ity of sausages containing okara soybean curd residue. Food 
Preser. Sci. 38 : （印刷中）
14）　SUREL O and COUPLET B (2005) Inﬂ uence of the dehydration 
process on active compounds of okara during its fractiona- 
tion. J. Sci. Food Agric. 85 : 1343-1349.
15）　SADETTIN T, HASAN T and INCI S (2007) Utilization of wet 
okara in low-fat beef patties. J. Muscle Foods, 18 : 226-235.
16）　SADETTIN T, HASAN T and INCI S (2009) Characteristics of 
beef patties using okara powder. J. Muscle Foods, 20 : 89-
100.
17）　MATEOS A I, MATEOS P C and RUPEREZ P (2010) High hydro- 
static pressure improves the functionality of dietary ﬁ bre 
in okara by-product from soybean. Innovative Food Sci. 
Emerging Tech. 11 : 445-450.
18）　VISHWANATHAN K H, GOVINDARAJU K, SINGH V and SUBRAMANIAN 
R (2011) Production of okara and soy protein concentrates 















セス 2012 年 4 月 20 日）
26）　LEYGONIE C, BRITZ T J and HOFFMAN L C (2012) Impact of 
freezing and thawing on the quality of meat : Review. 
Meat Sci. 91 : 93-98.
27）　FIDEL T (2010) Handbook of meat processing. WILEY-BLACK- 
WELL Publishing, Iowa, pp. 127-133.
28）　ANON M C and CAVELO A (1980) Freezing rate eﬀ ects on 
the drip loss of frozen beef. Meat Sci. 4 : 1-14.
174 多田・小泉・寺島・中村・鈴木
Eﬀ ects of Okara Addition on the Quality
of Frozen Sausages
By
Kotaro TADA*, Ryosuke KOIZUMI**, Teruya TERASHIMA***,
Yu NAKAMURA* and Toshiro SUZUKI*, **
(Received May 17, 2012/Accepted July 20, 2012)
Summary：In order to utilize okara, a byproduct of soy milk production, and to develop frozen-sausages, 
we prepared sausages containing 0, 5, 10, and 15% of okara by substituting cured lean meat with okara 
and compared their quality.  Frozen vacuum-packed sausages were stored for 7days at －20℃ before thawing.  
The frozen/thawed sausages without okara had a higher amount of drip loss after thawing.  However, 
the sausages with okara decreased drip loss significantly, and improved the yield after freezing-thawing 
treatments.  Furthermore, the texture of frozen-sausages without okara deteriorated remarkably, but the 
decline was controlled by adding okara up to 10%.  Sensory evaluation of frozen-sausages without okara was 
very low, but that of frozen-sausages containing 10% okara was higher, which was equal to fresh-sausage 
without okara.  The sausages containing 15% okara had low sensory evaluation with or without freezing.  
Our findings show that okara supplements frozen-sausages with dietary fiber and improves their water 
holding capacity and that an okara content of about 10% is appropriate for making good quality frozen-
sausages.
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